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Presentation Summary

 Overview of Study Approach
e Discussion of engineering tools
e Summary of findings and recommendations




Overview of Study Approach

e Timeframe for effort
e Earthquakes updated through 9/30/13.
e References updated as of 5/23/14.




Overview of Study Approach

Literature review and compilation
Analysis of four case examples
Development of decision model
Fundamentals of induced seismicity
Explore petroleum engineering methods




Overview of Study Approach

e Literature review and compilation




Overview of Study Approach

e Literature review and compilation
e Peer reviewed material only
e Comprehensive, but moving target




Overview of Study Approach

e Analysis of four case examples




Overview of Study Approach

* Analysis of four case examples
e Central Arkansas Area
 North Texas Area
 Braxton County, West Virginia
 Youngstown, Ohio




Overview of Study Approach

* Analysis of four case examples
 Geologic site summary
e History of seismicity
e State actions
* Application of reservoir engineering methods
* Lessons learned




Overview of Study Approach

e Development of decision model




Overview of Study Approach

e Development of decision model
e Received much input throughout process
e Comprehensive thought process - not specific
e Founded on Director Discretionary Authority




DECISION MODEL FOR UIC DIRECTORS

Existing Class |l New Class Il

\

UIC process «—— Seismicity Concerns?

Site Assessment
Fault, Pressure buildup, Pathway

l

UIC process <=Remaining seismicity concerns?

Approaches
Monitoring, Operational, Management

l

Is there a satisfactory approach?
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Overview of Study Approach

e Fundamentals of induced seismicity




Overview of Study Approach

e Fundamentals of induced seismicity
e Captures a broader potential audience
 Provides a general reference
* |ncludes geoscience and engineering aspects




Overview of Study Approach

e Explore petroleum engineering methods




Overview of Study Approach

 Explore petroleum engineering methods
e Data obtained from suspected wells in case
examples were analyzed.
e Two fundamental approaches were used.
o Falloff testing.
e Operational data analysis.




Presentation Summary

e Discussion of engineering tools




Discussion of Engineering Tools

* A few points.
Quality of data is crucial.
These methods are an interpretive tool, not a fix-all.
PE tools can determine if fracture flow is
predominant.
Fractured reservoirs can transmit pressure buildup
over great distances.
PE tools can detect reservoir changes at distance,
including faults.
Correspondence between well behavior and
seismicity was apparent in some case example wells.




Discussion of Engineering Tools

e Two fundamental approaches

e Well testing
e Pressure transient or falloff testing can

determine if a reservoir is fractured, as well
as static formation pressure.
e Function of near well conditions.

* Analysis of operational data
e Hall plots using operational data (rates and

pressures) indicate changes in transmissivity
(ease of injection) at distance.

e Covers both near wellbore and distance
increasing with time.




Discussion of Engineering Tools

e Examples — operational data
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Hall Integral {psi-day) and Derivative
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Hall Integral {psi-day) and Derivative
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Presentation Summary

e Summary of findings and recommendations




Summary of Findings and Recommendations

e Take a proactive approach
e Realistic analysis instead of definitive proof
e Monitor seismicity trends in regional area
 Engage operators early
e Additional site geologic data
 Voluntary actions
* Increased operational data
 Engage external expertise if warranted
 Modify operations if warranted




Summary of Findings and Recommendations

e Perform multi-disciplinary characterization of site.
(injection reservoir testing, analysis, consultation,
literature).

e Case examples — deep fractured reservoirs

Fractures more likely to communicate pressure
buildup long distances

Buildup can be directional and extend miles
Fractured reservoirs can result in communication
with basement rocks, lower confining strata is
important.




Summary of Findings and Recommendations

Assure high quality operational data
Permitting contingencies (green, yellow, red lights)
are an excellent tool to address site uncertainties

Increased seismometers better define seismic
activity.




Final Words

* EPA Region 6 is preparing a seismicity training
module for injection well regulators.
e We have a summary poster set up.







